Summary. Inflammatory cells invading islets are thought to be mediators of islet destruction in spontaneous autoimmune diabetes mellitus. Thus methods were developed to isolate and characterize in situ islet inflammatory cells from 75-95-day-old prediabetic and diabetic BB rats. Islet inflammatory cells were structurally examined using single-and doublecolour flow cytometry. Functional studies consisted of cytolytic assays using normal rat islet target cells and in situ islet or spleen effector cells. Structural data reveal natural killer cells to be the major cell population (70 %) of total immune cells present in inflamed islets during prediabetes. At diabetes onset, the natural killer cell population remained at a high level (47 %), but an increasing population of T cells (40 % ) was noted also. Analyses of T-cell subsets before and after diabetes onset revealed CD4+T cells as predominant (50-55% of total T cells) with double-negative (CD4-CD8 ) T cells (25-30%) and CD8 § T cells (15-20%) also present in significant quantities. Activated T cells accounted only for a minority ofT cells ( < 3 %). Functional studies indicate that in situ islet-derived cytotytic effector cells are more potent killers (ten-fold) of normal islet target cells than are splenic effector cells. These data suggest that in situ islet inflammatory cells (a) can be quantitatively studied both structurally and functionally; (b) express structural phenotypes differing substantially from splenic mononuclear cell populations; (c) are considerably more cytolytic than splenic effectors; and (d) should prove informative in determining the most significant autoimmune functional events prior to and during islet beta-cell destruction.
Immune infiltrating cells in pancreatic islets are thought to cause destruction of beta cells, leading to diabetes onset. Using semiquantitative methods such as immunohistochemistry of pancreas tissue, several immune cell types have been described to spontaneously occur in the diabetic-prone BB rat islets or pancreas [1] [2] [3] [4] [5] [6] [7] . The in situ islet infiltration of specific cell types is time-dependent [1, 5, 6] . Early infiltrating cells in this process are dendritic cells and macrophage, followed by T cells, natural killer (NK) cells and later by B lymphocytes [1, [4] [5] [6] [7] . These semiquantitative analyses suggest that just prior to or after diabetes onset, the relative percentages of in situ islet mononuclear cells follow the hierarchy of dendritic cell/macrophage, CD4+T cells, similar or lesser numbers of CD8 § T cells, and finally NK cells [3] [4] [5] [6] [7] . Activated T cells are also suggested to be present in the BB * This work was reported in part at the European Association for the Study of Diabetes in Copenhagen, Denmark, in September, 1990 and at the International Diabetes Federation Congress in Washington DC, June, 1991 rat pancreas or islets [2, 3] . The above-mentioned studies in BB rats are difficult to interpret quantitatively because of the cross-reactivity of monoclonal antibodies to multiple mononuclear subsets, e.g. W3/25 reactivity with CD4 +T cells, macrophage and dendritic cells. Specific combinations of double-antibody staining could be used to avoid such cross-reactivity. Finally, these semiquantitative approaches do not permit concomitant population-based in situ islet mononuclear cell functional studies.
More quantitative and specific methods to structurally analyse islet-infiltrating mononuclear cells are needed to determine which cells are functionally pathogenic. Further, quantitative islet analyses permit comparisons with other lymphoid organs such as blood and spleen. For example, we have recently surveyed BB rat spleen cell types quantitatively in detail [8] . These data indicate that in the lymphopoenic diabetic-prone BB rat spleen, both before and after diabetes onset, the following hierarchy of cell composition exists: B lymphocytes (40%); macrophage (30%); T cells (20%); and NK cells (10%). This composition for all cell types, except B lymphocytes, is strikingly different from normal Wistar Furth rats or BB rats of the non-lymphopoenic diabetes-resistant strain. Further, analyses of splenic T-cell subsets indicate that percentages of double-negative (CDS-CD4 ) and activated T cells represent major cell populations. It is then necessary to determine how spleen mononuclear cell composition relates to in situ islet-infiltrating mononuclear cell composition. The latter should be more directly related to disease onset and thus more relevant for spontaneous pathogenesis studies. We now report quantitative and specific methods for the isolation and characterization of in situ islet-infiltrating immune cells permitting systematic phenotypic and functional studies in the BB rat. We have recently reported similar data in the nonobese-diabetic (NOD) mouse [9] . Our data in both diabetic models provide new insights that represent a distinct departure from quantitative spleen data or semiquantitative islet and pancreas data derived using immunohistochemical methods to assess the pathogenesis of islet destruction.
Materials and methods
Animals, Adult male Sprague Dawley rats were obtained from Simonsen Laboratory (Gitroy, Calif., USA). Diabetes-resistant Wistar rats (DR, 75-95 days of age), diabetic-prone (DP, 75-95 days of age) and diabetic (D, < 6 days since onset of disease) male BB rats were kindly provided by Dr. R Thibert (Animal Resources Division, Sir Frederick Banting Research Centre, Ottawa, Ontario, Canada). Animals were defined as diabetic if urine glucose was greater than 0.25 % (Tes-Tape; Eli Lilly, Indianapolis, Ind., USA) and non-fasting blood glucose was greater than 13.8 mmol/l. All animaIs were fed standard laboratory rat chow pellets and tap water ad Iibitum. From ongoing studies, the incidence of diabetes in BB rats in our vivarium setting is 51% based on 280 rats followed for 240 days: The frequency of islet inflammation in non-diabetic DP rats is greater than 85 % at 90,130 and 240 ,days of age. In diabetic rats all animals have islet inflammation, and peak diabetes incidence rates are observed between 80-100 days of life, by which time 80 % of animals who will acquire diabetes are diabetic. For non-diabetic and diabetic DP rats, islets from 8-15 animals were pooled for each fluorescent antibody cell sorter (FACS) or cytolytic assay in order to isolate sufficient immune cells for study.
Islet isolation. This method has been previously described in detail [10] . In brief, rats were anaesthetized using 50 mg/kg body weight of sodium-pentobarbital i.p. (Nembutal; Abbott Laboratories, Chicago, flI., USA), the distal common bile duct was ligated and the pancreas was infused with 20ml of Hank's balanced salt solution (HBSS) containing 0.02 % bovine serum albumin (BSA, Fraction V, Sigma, St. Louis, Mo., USA) and 2 mmol/l glucose at pH 7.40. The pancreas was excised, minced and digested with collagenase (Sigma, Type V) at 37~ for about 20 rain. Islets were purified manually using a dissection microscope and a micropipette to avoid contamination with lymph nodes and pancreatic exocrine tissue. For successful islet isolation from BB diabetic animals, the procedure must be performed within 0-4 days after the onset of diabetes.
islet single cellpreparation. Islet single cells were isolated from freshly isolated rat islets using a method previously described [11 ] . Briefly, islets were dispersed into single cell suspensions by incubation in 200 ~tg/mt DNAse (Sigma) in Swim's low calcium medium (Gibco, Grand Island, NY, USA) containing 1 mmol/l EGTA (Sigma) and 1% BSA. The dispersed cells were washed three times with RPMI 1640 (Gibco) containing 10% fetal calf serum (FCS, Gibco). After 1147 washing, the cell number (islet immune cells, endocrine and stromal cells) was counted and viability was checked using trypan blue. Cell viability was greater than 90 %.
Isolation of splenic mononuclear cells, Spleen was excised fiom anaesthetized rats and splenic cells were "dispersed" from spleen using HBSS deficient in Ca +~ and Mg -2. Splenic mononuclear cells were isolated by Ficoll-hypaque (Lymphocyte Separation Medium; Organon Teknika, Durham, NC, USA) as previously described [12] . Cell viability was greater than 95%. An antibody binding panning method was used to enrich spleen cell lymphoid and mononuclear ceil snbpopulations. This method is used to positively or negatively select specific lymphocyte subpopulations based on their cell surface markers and is previously described in detail [13] . Total spleen mononuclear cells (10V/ml) are incubated for 1 h at 5~ in petri dishes (maximum volume 4 ml) coated with affinity purified goat anti-rat IgG (heavy and light chains specific, Organon Teknika) to remove macrophages and B lymphocytes. The nonadherent ceils (T + NK ceils) are then incubated for 20 rain at 23 ~ with various mouse anti-rat T-cell subset monoclonal antibodies, washed and then transferred into petri dishes precoated with affinity purified goat anti-mouse IgG (heavy and light chains specific). Adherent and nonadherent cells for the specific monoclonal antibodies (same monoclonals as described below in FACS studies) are collected after incubation at 5 ~ for 2 h. The purity of the specific cell subpopula-' lions is determined by pheuotyping using FACS, as described below in cell staining.
Cell staining. Rat splenic mononuclear cells and single cells isolated from islets were washed twice with staining buffer containing phosphate buffered saline (Sigma), 1% BSA (Sigma) and 0.02% sodium azide (Fisher Scientific Company, Fair Lawn, NJ, USA). For identifying NK cells, incubation with mouse mAb, fluorescein-isothiocyanate (FITC) conjugated 3.2.3 (anti-CD16) for 60 min was performed [14] . For identifying macrophage, an indirect staining method was used: cells were incubated for 60 min with OX41 (mouse anti-rat macrophage, granutocyte and dendritic cell), washed twice with staining buffer, and incubated with a second antibody, rat cell absorbed FITC-conjugated goat anti-mouse IgG, (Caltag Laboratories, San Francisco, Calif., USA), for 30 rain. For direct two-colour staining of total T lymphocytes, T-lymphocyte subsets and activated T cells, cells were incubated for 60 min with mouse mAbs R-7. , .
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.. and stromal cells ( < 3 %) inside the mononuclear cell gate did not interfere with immune cell phenotyping. Results are dispIayed in either density graphs or histograms.
Cytolytic assays. This procedure has been previously described in detail [11] . Five thousand 51Cr-labelled normal (unless otherwise stated) rat islet target cells were incubated with in situ islet or spleen immune effector cells derived from diabetic or non-diabetic BB rats in polyethylene tubes for 16 h at 37 ~ Several effector: target ratios were used. In some experiments target cells from Wistar Furth rats were used. For non-islet target cell killing assays, intestinal epithelial cell line 18 (IEC) were used. This line was originally purchased from American Type Culture Collection (Rockville, Md, USA), and these cells were derived from rat ileum epithelia [15] . One-week-old confluent monolayer cultures were detached by trypsinization, washed and labelled with 0.1 mCi of 5iCr and incubated at 37~ for 1 h. In each tube 5 x 103 cells were used for the cytolytic assay. For all target and effector cell types, an effector: target ratio of 5 : 1, 2.5 x 10 4 effector cells were mixed with the 5 x 103 target cells. After incubation, the supernatant was assessed for 51Cr release using a gamma counter. Cytolysis from Triton X-100 treated labelled target cells was 100 %, and spontaneous release was 20-25 %. Cytotoxicity from triplicate determinations was averaged and specific cytotoxicity calculated 9
Statistical analysis
All mean data + SEM were compared using an unpaired Student's t-test. One experiment (n = 1) for both phenotypic and cytolytic studies included 50-300 islets from one animal and 8-15 animals pooled for use in each experiment. Thus for diabetic animals, about 500 islets were obtained from 5-10 animals. The islets were pooled and dispersed into single ceils, and then inflammatory ceils were isolated for analysis in an experiment (n = 1). For non-diabetic DP animals, 10-15 animals were used. Three thousand islets were isolated and dispersed, and then inflammatory cells were pooled for one experiment (n = 1).
Results

Separatton of islet immune cells from endocrine and stromal cells
To quantitatively determine the relative percentages of major immune cell subtypes in islets derived from nondiabetic and diabetic DP BB rats, islets were isolated, dispersed, and when necessary, treated with rabbit anti-rat islet cell serum (RARICS), complement and Percoll to isolate in situ islet immune cells. For diabetic BB animals, all isolated islets (-50 islets per rat) were inflamed. Isolation of islets in diabetic rats is confirmed by histology, perifusion insulin secretion data and islet-insulin content, and these data have been compared with non-diabetic DP rats (with and without inflamed islets) and Wistar Furth rats. These data have been presented elsewhere [16] . Single islet cell preparations isolated from inflamed islets from diabetic animals consisted of less than 60 % islet endocrine or stromal cells and greater than 40% immune cells. Only 1-2 x 104 ceils are used in each experiment, so insulin contents are difficult to measure during these analytic procedures. Since spleen mononuclear cells are smaller and less granular (Fig. 1 A) than normal islet endocrine and stromal cells (Fig. 1B) , proper gating of the in situ inflamed islet cell suspension ( Fig. 1 C) during FACS analysis defined a cell population consisting of virtually all islet immune cells and less than 3 % endocrine and stromal cells. All islet immune cells are represented, assuming these cells are similar to the total spleen mononuclear cell population (Fig. 1A) . To document that islet endocrine and stromal cells at the concentrations present after separation do not affect the phenotyping of islet immune cells, islet cells were added to spleen cells prior to phenotyping ( Table 1) . As shown, high islet endocrine cell numbers do not alter islet immune cell analyses.
For the non-diabetic rats of the DP BB strain, 80 % of isolated islets (-300 islets isolated per rat) showed absent or early stages of inflammation, and less than 20% showed late stages of inflammation. After islet dispersion in non-diabetic DP rats, the cell population consisted of greater than 95 % endocrine and stromal cells and less than 5 % immune cells. The removal of islet endocrine and stromal cells was necessary to minimize the cross-re-activity of these cells with the phenotyping monoclonal antibodies (mAb). In addition to the gating method described above, a second and independent method was also used. Thus dispersed islet cells (1 x 106 total cells/mt) were treated with RPMI-1640 culture medium that consisted of 10 % RARICS and 10 % guinea pig complement. The detailed methods for preparation and functional activity of this cytolytic polyclonal antibody RARICS have been previously described [11] . (Fig. 1) . Cross-reactivity of the endocrine or stromal cells with the phenotyping mAb was a All analyses were performed with 10,000 cells for acquisition with no gate and final analysis using the splenic mononuclear cell gate (see Fig. 1 A) 1149 thus avoided. This islet endocrine cell lytic procedure yielded results similar to the FACS gating of immune cells described in diabetic animals. Using pooled DR strain animals, no islet immune cells were observed using either the gating method (n = 1) or the RARICS method (n = 1). Thus FACS analyses were impossible to perform in the DR strain.
To insure that RARICS did not damage islet immune cells, normal and diabetic spleen cells were treated similarly with RARICS and phenotyping was performed in the absence and presence of the RARICS treatment. As shown in Table 2 , RARICS treatment had only a minimal effect on spleen cell phenotyping. The RARICS procedure is optional since the easier gating methods yield similar results. To insure that neither collagenase nor DNAase interfered with islet immune cell phenotypes, diabetic rat spleen cells were also exposed to equal times and temperatures of those enzymes as the islets prior to phenotyping. These results are given in Table 3 . In summary, rat islet endocrine cell interference must be resolved by gating or lysis of endocrine and stromal cells. RARICS was shown to induce no significant artefact for spleen cell phenotypic analyses, and collagenase and DNAase were also shown not to alter spleen cell phenotypes.
Quantitative phenotypes of in situ islet immune cells
To determine the absolute and relative number of immune cells present in inflamed islets of the BB rat, islets were evaluated using the above-mentioned methods. As shown in Figure 2 , percentages of B lymphocytes infiltrating islets are relavitely low and at similar levels both before and after diabetes onset. T-cell percentages increase by more than two-fold after diabetes onset (p < 0.01). The percentage of macrophage is relatively low both before and after diabetes onset. NK cell infiltration is markedly augmented to more than 3 times all other subtypes present in the islet infiltrates in non-diabetic DP rats (p < 0.001), whereas after diabetes onset, NK cell percentages remain elevated but are similar to T cells (p = NS). An islet NK histogram shows the specificity to 3.2.3 for NK vs background (Fig. 3) . It is also unlikely that another significant cell population is present in in situ islets, since the percentages of cell types described above approach 100 %. "Cells stained as a % of total cells T-cell subsets were also quantitatively evaluated in islets derived from non-diabetic and diabetic DP BB rats, These double antibody analyses (Fig. 4) indicate that both before and after diabetes onset, CD4 + T cells are the predominant T-cell subtype (p < 0.01 vs other subsets). Further, double-negative (DN; CD4-CD8-, TCR alpha/ beta +) T cells represent the second-largest population of in situ islet T cells (p < 0.01 vs CD4). CD8 + T cells are also a significant cell population considering this lymphopoenic rat model (p < 0.05 vs CD4 and DN T cells). DN T cells are not low intensity CD8 + T cells (Fig. 5) , as best illustrated by high and low intensity CD8* T cells observed in spleen cell preparations (Fig.5, panel D) . Finally, the presence of activated T cells was examined using two separate antigen expression markers, i. e. anti-Ia and anti-IL-2R. Both methods indicate that before and after diabetes onset, activated T cells, although distinctly present, are not a quantitatively major cell type in islet infiltrates (Fig.4) . These subset data also suggest that other TCR alpha/beta + T cells are not present in islets, since the total percentage of the islet T-cell subsets equals 100 % of TCR alpha/beta + cells. Absolute numbers of in situ islet immune cells are presented in Table 4 .
Cytolytic activity of in situ islet immune cells
Since the intrinsic cytolytic activity of islet-infiltrating immune cells has not been reported, we determined the functional behaviour of spontaneously occuring, non immunomodulated islet-infiltrating immune cells. Cytolytic activity was measured using normal Sprague-Dawley rat islet target cells. As shown in Figure 6 , in situ islet derived inflammatory effector cells from diabetic or non-diabetic DP BB rats mediated about 10-fold more cytolysis than effector spleen cells isolated from the same diabetic and non-diabetic animals. Control experiments using nonislet target cells derived from rat ileum showed intermediate cytolytic activity (Fig. 6) . Control MHC target cell experiments using the Wistar-Furth inbred strain (RTI u) . This latter diabetic animal spleen result was selected for this panel to emphasize the CD8 + populations since this rat had a higher than usual CD8 + T-celt population Values are given as mean cell number _+ SEM per islet islet target cells and total islet immune effector cells derived from DP BB strain rats at a 10:1 effector: target ratio showed high levels of cytolysis at 51 + 5.7 % (n = 6). To more precisely define the cytolytic potential of different effector cell types in islets, preliminary studies were performed using spleen cells. Spleen effector cells from non-lymphopoenic (Sprague Dawley) and lymphopoenic diabetic DP-BB rats were evaluated for enrichment using monoclonal antibody and panning methods. Table 5 shows immune cell subset enrichment in both Sprague Dawley and diabetic DP BB rat spleens. Table 5 also shows cytolytic data and levels of enriched CD4 +, CD8 +, DN T cells and NK cells that were enriched in the DP BB strain by three-fold, two-fold, two-fold and three-fold, respectively. As shown, the cytotoxicity is relatively similar in each enriched preparation. These methods are unsuitable for islet inflammatory subset cell analysis since only 106 immune cells are obtained from islets derived from 12-15 DP strain rats and 10 s cells were available using BB rats spleen preparations, where enrichment was less than ideal.
Discussion
Since islet inflammatory cells in the DP strain of BB rats must directly or indirectly lead to beta-cell destruction, we have developed quantitative methods to phenotypically and functionally characterize in situ islet inflammatory cells. The in situ islet results are distinctly different from quantitative spleen results or semiquantitative immunohistochemical islet data derived from non-diabetic or diabetic DP BB rats, but markedly similar to in situ islet T-cell subsets reported in the NOD mouse model [9] .
Using the methods described in this report, we have quantitatively presented the immune cells present per islet both before and after diabetes onset. Since all islets are inflamed at diabetes onset, these cell counts appear reasonably accurate. Additional studies were performed to insure that our methods did not distort phenotypic analyses. In non-diabetic DP animals, the absolute cell counts per islet are also reasonable, since all islets studied from any given rat are inflamed. Also, 85-90 % of non-diabetic DP animals have inflamed islets. Another caveat is whether islets derived from diabetic rats reflect the islet destruction process in general, since not all islets can be obtained at this late stage of disease after the islet archi- tecture is destroyed. We conclude that our diabetic rat islet data reflect the final infiltrate just prior to the islet disruption observed histologically. We also know that islets derived at this stage are also glucose hyper-responsive for insulin secretion despite the intense inflammation [16] . Our non-diabetic rat islet data reflect an earlier stage in the process, which for T-cell subsets appears phenotypically stable both before and after diabetes onset, despite the presence of inflamed islets in animals that are not destined to become diabetic. These points are supported by the observations that DN T cells in BB rat islets are a prominent cell type, as described in BB rat spleen [8] and NOD islets [9] . These considerations indicate the need for functional data to be performed in the key in situ subsets observed (see below.) T cells are described as the major cell type in islets during the later stages of inflammation [1, 3, 4, 7] . When phenotyping splenic T cells in BB rats, we noted a population of CD5-, TCR alpha/beta + T cells [8] . Thus in these spleen studies, attempts to be definitively quantitative should not be made when adding T-cell subsets using different total T-cell monoclonal antibodies. Rat T-cell subsets have not been systematically studied in islets, but activated T cells identified by IL-2 receptor and Ia expressing cells are suggested to be present during the later stages of prediabetes [2, 3] . Although we were unable to directly and specifically identify activated T cells as a major cell type in inflamed islets, we did observe activated T cells as a major subset present in BB rat spleen using the same methods [8] . Our islet-activated T-cell data are supported by the observation of a minimal number of cells (3-4/islet) expressing cytokine mRNA in DP islets and expression of cytokines by T cells was not observed [17] . Double-negative (DN) T cells have not been previously described in BB rat islets, and our results both in the NOD mouse [9] and BB rat show that this subset rep- Effector :Target ratio Fig, 6 . Cytolytic analyses of in situ islet derived effector celIs derived from diabetic ( S, n = 4) and non-diabetic diabetes prone (DP) BB rats ( O, n -4) compared to splenic effector cells from diabetic (A, n = 3) and non-diabetic ( A, n = 3) DP BB rats using Sprague Dawley islet target cells. Non-islet rat ileal epithelial target cell cytolysis mediated by diabetic DP BB rat islet effector cells is also shown (s n = 3). Bars indicate SEM resents about 30 % of the islet T-cell population. This is similar to the relative percentages of DN T cells in NOD and BB rat spleen at diabetes onset [8, 9] . The role of DN T cells is unclear, but in murine and human lupus, DN T cells have been described as providing B lymphocyte help in generating pathogenic glomerular basement membrane antibodies [18, 19] . DN T cells have also been described as having abnormal K § channels in severalmurine autoimmune models including diabetes [20] . Thus, now that DN T cells are recognized as phenotypically important in in situ islets, functional studies should determine their role in diabetes pathogenesis. A recent study in nor-mal mice suggests that DN T cells may escape thymic elimination and thus become potentially important autoreactive T-cell clones [21] . Our DN T cell results in DP BB rat spleen compared to DR Wistar rats and Wistar Furth rats also suggest the escape of DN T cells during the process that also depletes CD4 § and CD8 + T cells in the DP strain of BB rats [8] . CD8 + T cells in islets represent about 20 % of the T-cell subset population, which is distinctly more than the mean levels observed in BB rat spleen at diabetes onset. We have used similar quantitative methods to also identify in situ islet T-cell receptor usage in early and later stages of diabetes in the NOD mouse [22] . The quantitative mononuclear cell hierarchy of cells derived from in situ islets is as follows: (a) NK cells are a predominate cell type present both before and after diabetes onset, (b) T cells are another predominate cell type, (c) the T-cell subset hierarchy is CD4 § > DN T cells > CD8 § T cells and (d) activated T cells, macrophage and B cells, although present, appear at significantly lower percentages. Quantitative spleen cell analysis in nondiabetic and diabetic DP BB rats also indicate a clear hierarchy of ceils: B cells > T cells (CD4 > DN > CD8) > NK cells > macrophages [8] . These data indicate that previous spleen cell data should be used with caution when making comparisons related to the actual cellular events involved in the destruction of pancratic islets in BB rats. The likelihood of not observing other cell types present in islets is low, since both the major cell type and T-cell subset percentages are virtually 100% of the mononuclear immune cells present in islet infiltrates. It is also unlikely that our methods incorrectly assess the relative percentages of in situ islet immune cells present, since (a) our results are highly reproducible, (b) virtually all immune cells previously described in islets are detected by our methods, (c) we have described immune cells not previously reported in islets, (d) we have used CD5 monoclonals with similar results to TCR alpha/beta monoclonals (data not shown), (e) using identical methods, our endocrine cell subtype percentages agree with other reports [23] and (f) islet cell surface markers remain intact using identical methods [231.
Functional studies of a quantitative nature using cells derived from inflamed pancreatic islets of diabetic BB rats have not been described. We have recently reported in situ islet cytolytic data in the NOD model [9] . Our cytolytic studies in diabetic and non-diabetic DP BB rats and diabetic NOD mice indicate that total in situ islet derived effector cells are much stronger mediators of islet target cell destruction than effector cells derived from the spleen. The cytolytic behaviour expressed appears nonspecific with respect to MHC but is relatively tissue specific. If one assumes about 2500-5000 beta cells per islet, and if nearly 1000 immune cells are present per islet, then effector:target ratios are effectively 0.5 : 1. Because of eflector cell clustering, this ratio may go up to less than 5 : 1; thus the killing observed in vitro at less than 5:1 effector:target ratios may be more valid than ratios greater than 5. Killing may thus be tissue specific at low effector:target ratios. Since the predominate cell subsets in in situ islets are NK and T cells in the BB rat, perhaps these 1153 cells are the major mediators of islet cell destruction. This to some extent may also explain the lack of MHC restriction on islet cytolytic events. Our functional data are consistent with those non-restricted cytolytic data observed using spleen effector cells in previous studies [24, 25] . This killing is unlikely to be alloreactivity since similar results are obtained using Wistar Furth or DP islet target cells. Our previously reported data of non-restricted splenic derived macrophage-mediated islet cytolysis could be related to total islet effector cell killing reported herein [24] . These data do not indicate which cell subtype(s) is (are) the major islet effector cell. Thus further studies were performed to determine which cell subtypes are most cytolytic. Non-lymphopoenic spleen cells were successfully enriched and thus studies were attempted in the spleen of the lymphopoenic DP BB strain. Preliminary studies showed some enrichment of spleen cell subtypes but no relative enhancement of in vitro islet immune cell subset cytolytic activity. Thus using these methods, insufficient cells are present to effectively analyse immune cell subset function.
In summary, quantitative phenotypic and functional analyses of in situ islet cells may be a more direct method for determining the pathogenic mechanisms involved in diabetes onset. These methods may provide more rational treatment strategies for use in diabetes.
